The optics of the beam extraction section of SNS ring has been published in Ref.
Introduction
The beam_extraction region [1] of the SNS ring is located in one of the four straight sections of the SNS ring. The beam extraction process, which is designed to extract the single circulating beam bunch in one turn, is based in kicking the beam downwards by Y′ cod ~13.3 mrad with the fourteen kickers, shown in Figure 1 , (seven kickers are placed upstream of the two narrow quads NQ1 and NQ2 of the SNS ring and seven kickers are placed downstream of the narrow quads) into the Lambertson septum magnet which deflects the beam by 16.8 o into the RTBT line. The vertical displacement of the extracted beam at the entrance of the Extraction Septum magnet is Y cod =167.0 mm. A schematic diagram of the extraction kickers and the extraction septum is shown in Figure 1 . In the same figure the vertical displacement of the central orbit (Y cod ) resulted from exciting all fourteen kickers is also shown.
The location and inductance of each of the kickers was optimized to minimize the required voltage applied on each kicker to extract the beam into the septum magnet. The aperture of each kicker was also optimized to eliminate the beam losses of the circulating beam and the extracted beam. Mechanical constraints at the location of the extraction region, required that each of the kicker assemblies is moved downstream by five centimeters from their previously chosen optimum location. In the next section of this technical note we discuss the beam optics of the extracted beam under the new placement of the extraction kickers, and we compare the required voltages applied on the kickers before and after the kicker displacement, under the condition of lossless beam extraction. 
Beam Optics of the Extraction Region
The single beam bunch circulating in the SNS ring is extracted in one turn, upon firing all fourteen extraction kickers. Subsequently the beam bunch is deflected downwards into the main field region of the Lambertson septum magnet which deflected the beam horizontally by 16.8 o into the RTBT beam transfer line. An optimized beam extraction system requires that the kickers have large enough acceptance to accommodate the 480π[mm.mrad] emittance of the circulating beam and the 400π[mm.mrad] of the extracted beam. The beam size at the location of the each kicker is determined from the beam emittance and the β x,y functions at the location of the kickers. In addition the vertical aperture of the kicker should allow for the vertical displacement of the beam during extraction. The rise time of the voltage of each kicker should be ~90 nsec therefore the rise time of the Voltage of each kicker which depends on the inductance of the kicker sets an upper limit in the geometrical length of the kicker. The characteristics of each kicker, that depend on the beam optics are tabulated in TableI. A description of the columns that appear in Table I Distance of the center of the Kicker from the center of the qudrupole Q1 (see Fig. 1 ) The quadrupole Q1 is the first quadrupole of the straight section. 3 The maximum value of β x over the length of the kicker. 4 The maximum value of β y over the length of the kicker. 5
The maximum horizontal beam_size of the circulating beam over the length of the kicker. The vertical aperture of the kicker calculated from: V_size={y_size(480π)+y_size(400π)}/2 + Y cod 10 The Horizontal aperture of the kicker. H_size=x_size(480π) 11
The Maximum vertical aperture of the kicker. It is determined by the Max{ V_size(column #9) , y_size(480π) } 12
The Final Horizontal aperture of the spare kickers. Six sets of spare kickers were selected. The sets of the spare kickers can satisfy the beam constraints at extraction for all "working points" selected. The four working points are: (Q x , Q y ) = (6.23,6.20), (6.23,5.24), (6.30,5.8), (6.40,6 .30) 13
Same as column 12 but for the Vetrical aperture of the actual kickers 14
The length of the actual kickers. 15
The vertical distance of the inner_top_aperture of the kicker from the center line of the ring.
The results tabulated in Table 1 show that the acceptance of the extraction region does not limit either the circulating or extracted beam.
Parameters of the Kickers
The extraction kickers, when energized, kick in a one turn, the single beam bunch circulating in the SNS ring, vertically down into the main field region of the septum magnet which deflects the beam by 16.8 o to the left to the RTBT beam_transfer_line. Each extraction kicker has to satisfy the following constraints:
1.
The acceptance of the kicker should allow for zero beam losses for both the circulating and extracted beam.
2.
The voltage rise time should be ~90 nsec 3.
An upper limit for the kicker voltage is set to 35 kVolts.
The content of the columns of Table 2 is explained below.
Name of the kicker 2
Kick of the kicker 3
Physical length of the kicker 4
Horizontal aperture of the kicker 5
Vertical aperture of the kicker 6
The integrated dipole field of the kicker (∫Bydz) given as the product of the value of the kicker's kick in radians and the beam rigidity of 1 GeV protons . 7
The approximate strength of the dipole field of the kicker calculated as: (∫By·dz)/(Length_of_Kicker) 8 The current of the kickers's coil required to produce the dipole magnetic field. 9
The voltage of the kicker required to produce the required current. 10 The Inductance of the kicker as calculated from the geometrical parameters of the kicker.
Conclusions
The displacement of each the fourteen beam extraction kickers of the SNS ring , by 5 DRIFT, L=LK11 HK12:
DRIFT, L=LK12 HK13:
DRIFT, L=LK13 HK14:
DRIFT, L=LK14 HK15:
DRIFT, L=LK15 HK16:
DRIFT, L=LK16 HK17:
DRIFT, L=LK17 HK18:
DRIFT, L=LK18 ! HK21:
DRIFT, L=LK21 HK22:
DRIFT, L=LK22 HK23:
DRIFT, L=LK23 HK24:
DRIFT, L=LK24 HK25:
DRIFT, L=LK25 HK26:
DRIFT, L=LK26 HK27:
DRIFT, L=LK27 HK28:
VKICK, KICK=0. HK22,KS22_1,HK22,&  DBK,  &  HK23,KS23_1,HK23,&  DBK,  &  HK24,KS24_1,HK24,&  DBK,  &  HK25,KS25_1,HK25,&  DBK,  &  HK26,KS26_1,HK26,&  DBK,  &  HK27,KS27_1, 
